Cellulases are a group of enzymes that are used in many biotechnological processes. Since most of the enzymes synthesised by mesophilic microorganisms are unstable in industrial environments, it is necessary to direct research towards extremophile cellulolytic microorganisms because the enzymes synthesised by them are stable and active even in harsh physicochemical conditions. In the present investigation, our aim was to isolate and identify some microbial cellulolytic strains from a hypersaline lake located in Romania and to determine their optimal growth conditions. Of a total of 25 microbial strains isolated, only one extreme halotolerant bacterial strain was able to produce an endoglucanase. Based on molecular identification, we identified this cellulolytic strain as a species of Bacillus genus, most closely related to Bacillus zhangzhouensis. Optimal growth conditions were found to be at 15˚C, pH 7.5 and 2 M NaCl. Endoglucanase activity of this bacterial strain is influenced by both salinity and temperature. The most significant endoglucanase activity was detected in the presence of 3 M NaCl, after 72 h of incubation at 15˚C. In this situation, the amount of glucose released from a volume of 0.5 mL of 2% (w/v) carboxymethyl cellulose substrate is equivalent to 2.05 mg. In conclusion, this study represents the first preliminary characterization of a B. zhangzhouensis strain that has the ability to degrade cellulose and that demonstrates tolerance to high salt concentrations.
Introduction
Cellulose is the primary constituent of the plant cell walls and the most abundant renewable biological compound on Earth [1] [2] . It is estimated that more than 10 11 tons of this polysaccharide are synthesized each year on our planet by photosynthesis [2] [3].
Cellulose is a polydisperse, linear, syndiotactic polymer that consists of β-1,4-linked glucosyl units. Despite its simple chemical composition, the supramolecular structure of cellulose is very complex due to multiple intra-and intermolecular hydrogen bonds. This extensive hydrogen bond network is responsible for the compactness of the cellulose chains, which result in the rigidity of the cellulose fibrils and their high mechanical resistance and to chemical attack [1] [3] . In this regard, cellulose fibrils have a tensile strength comparable to steel [4] and they are both insoluble in most solvents and hard to be enzymatically hydrolysed to glucose [1] [5].
In the environment, cellulosic residues resulted especially from the death of the primary producers are degraded by cellulolytic microorganisms, represented by fungal and bacterial strains [6] [7] . These microorganisms are able to synthesize cellulolytic enzymes, called cellulases, which are involved in the decomposi- tic action of all three types of enzymes [6] [8] [9] and this process provides the opportunity for exploiting the cellulosic waste (particularly agro-alimentary waste) as an abundant and inexpensive carbon source [10] .
Since the cellulolytic microorganisms are involved in the decomposition of cellulosic residues, they play an essential role in the terrestrial carbon cycle [7] .
On the other hand, microbial cellulases have shown their biotechnological potential in many industries, such as: textile, food processing, wine and brewery, detergent, animal feed, pulp and paper, biofuel, pharmaceutical, agricultural industries, waste management and so on [9] [11] [12] [13] . Therefore, due to numerous applications of cellulolytic enzymes in various industrial processes, it is very important to characterize and optimize the existing cellulases, as well as to identify new enzymes with superior properties or more suitable for some specific uses.
Recent scientific studies have shown that cellulolytic enzymes produced by mesophilic microorganisms are structurally and functionally distinct from those synthesized by extremophilic microorganisms, the latter ones being more stable in the harsh physicochemical conditions of various industrial processes [9] [13] [14] . In this regard, it has been shown that cellulases synthesized by halophilic microorganisms have a high content of acidic amino acids which are located on the protein surface. These amino acid residues bind a large quantity of water molecules and metal ions to maintain the catalytic activity of the enzyme [15] .
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Due to this structural property, cellulases produced by halophilic microorganisms exhibit an increased resistance in the extreme salinity conditions of biotechnological processes, thereby enhancing their efficiency [10] [16] .
Since there is a relatively small number of scientific researches dedicated to halophilic cellulolytic microorganisms, the purpose of the present investigation was to test the cellulolytic potential of the halophilic microbial strains isolated from a Romanian hypersaline lake and to make a preliminary phenotypic and genotypic characterization of a selected cellulolytic bacterial strain.
Materials and Methods

Sampling Site Description
Mud samples were collected from a salted water, more precisely Movila Miresii Salt Lake located in a plain area of Brăila County, Romania (GPS coordinates: N 45˚13'14.62''/E 27˚38'31.58'') ( Figure 1 ). Samplings were carried out in July 2016 from a distance of about 15 meters from the shore, the water depth in the area being 70 -80 cm. The saline mud samples were collected in sterile plastic containers and were stored at 4˚C before analysis. The temperature and pH of the sampling site water were 27˚C and 9.4, respectively.
Bacterial Isolation and Screening for Cellulase Activity
The halophilic microbial strains were isolated by serial dilution plating technique on moderately halophiles growth medium (MH) containing: glucose (1 g), proteose-peptone (5 g), yeast extract (10 g), NaCl (100 g), MgCl 2 •6H 2 O (7 g), Figure 1 . Representation of the geographical location of Movila Miresii Salt Lake. were incubated at 30˚C for 7 days and the bacterial strains were purified by streak plate method. The purified microbial strains were preserved at 4˚C. For screening cellulase producers, the microbial isolates were grown in MH medium supplemented with varying concentrations of carboxymethyl cellulose (CMC: 0.5%, 1%, 1.5%, 2%, w/v), as sole source of carbon. Bacterial strains were inoculated in triplicate wells and the experiment was repeated three times. The plates were incubated at 30˚C for 5 days. After this period, the agar growth medium was flooded with an aqueous solution of Congo Red (1%, v/v) for 30 min. Further, to visualize the zones of CMC hydrolysis, formed by cellulase positive strains, the Congo Red solution was poured off and the plates were destained by flooding with 1 M NaCl solution for at least 15 min [19] . The bacterial strain which produced a zone of clearing around the colonies was selected for further investigations.
Cultural, Morphological and Biochemical Characterization of the Cellulolytic Strain
Cultural characteristics of the cellulase producing strain were determined by culturing it on solid MH medium. Morphological characteristics were studied by wet mount preparations and Gram staining. The ability of the investigated strain to produce extracellular hydrolytic enzymes was tested on MH basal medium (without glucose and proteose-peptone) supplemented with an appropriate substrate (1% casein, 15% gelatine, 1% pectin, 0.1% Tween 80, 1% starch, 0.2% inulin) [20] [21] . All the plates, except the medium with gelatine, were incubated at 30˚C for 72 h. Gelatine medium was incubated at 30˚C for 7 days and at the end of this period the tubes were maintained at 4˚C for 30 min. Gelatine liquefaction indicates the enzymatic hydrolysis of this compound and therefore the ability of the strain to produce gelatinase [22] . In the case of the growth mediums with casein, pectin and starch, the presence of a clear area surrounding the microbial colonies indicates a positive reaction (the ability of the strain to produce caseinase, pectinase and amylase) [20] [21] . The lipolytic activity of the strain was indicated by the precipitation, as calcium salts, of the fatty acids released by hydrolysis of the Tween 80 compound [23] . Inulinase activity was shown by the ability of the microbial strain to grow on the medium supplemented with inulin, as the sole source of carbon [20] .
Catalase assay was performed using H 2 O 2 as substrate [22] and the presence of the enzyme cytochrome c oxidase was tested by Kovacs method [24] . Indole test and hydrogen sulphide (H 2 S) production test were performed according to the methods described by Holding and Collee [25] .
Membrane phospholipid profile was determined by thin layer chromatography (TLC), using a stationary phase represented by a glass plate, coated with a 
Molecular Identification of the Cellulolytic Strain
The molecular identification of the cellulase producing bacterial strain involved the isolation of genomic DNA, PCR amplification of the 16S rDNA gene and its sequencing. Bacterial DNA was extracted using the NucleoSpin® Tissue (Macherey-Nagel) kit. 16S rDNA sequence was amplified from extracted DNA using the following primers [27] : 27F (AGAGTTTGATCACTGGCTCAG) and 1492R (ACGGCTTACCTTGTTACGACTT). The reaction was carried out in 25 μl volume, containing: 2. agarose gel. To verify the molecular size of the amplicons, 1 Kb DNA Ladder molecular weight-size marker (New England Biolabs) was used. PCR product was purified using the PureLink® PCR Purification (Invitrogen) kit and then was sent for sequencing to CeMIA SA (Larissa, Greece). The nucleotide sequence obtained was compared with the NCBI database using BLASTN (https://blast.ncbi.nlm.nih.gov).
Characterization of the Optimal Growth Conditions
To determine the optimal growth temperature of the cellulolytic strain, it was cultured in liquid MH medium. Samples were incubated at different temperatures (4˚C, 15˚C, 20˚C, 30˚C, 37˚C, 45˚C) in thermal shakers and the absorbance (OD) was measured at 660 nm and 24 h intervals using a microplate spectrophotometer (FLUOstar Omega, BMG Labtech).
The potential of the cellulolytic strain to grow in the presence of varying concentration of salt was assessed by both a qualitative and a quantitative experiment. The protocol of the qualitative experiment was based on the cultivation of the bacterial strain on MH solid media with the following NaCl concentrations: 0 M, 1 M, 2 M, 2.5 M, 3 M, 3.5 M, 4 M, and 5 M. Agar plates were inoculated in the center of the plate, using a solid inoculum. The plates were incubated at 30˚C for 10 days. Regarding the quantitative experiment, the bacterial strain was cultured in liquid MH medium with the above mentioned salt concentrations. Culture mediums were inoculated with 100 μL fresh liquid inoculum (24 h). Samples were incubated at 30˚C and the absorbance (OD at 660 nm) was measured at 24 h intervals using a microplate spectrophotometer. Journal of Environmental Protection MES (pH 5.5 -6.5), PIPES (pH 6.5 -7.5), HEPES (pH 7.0 -8.0), Tricine (pH 7.5 -9.0) and CHES (pH 9.0-10.0) [28] . For pH adjustments were used NaOH 6N or HCl 6N. Re-sterilization of the culture medium was done by filtration using Sartorius filters with a 0.22 μm pore size. Samples were incubated at 30˚C in thermal shakers and the absorbance (OD at 660 nm) was measured at 24 h intervals using the microplate reader above mentioned. All experiments were performed twice.
Endoglucanase Activity Assay
Endoglucanase activity was determined by measuring the reducing sugars using CMC as the substrate. The amount of reducing sugar that was released by the enzymatic hydrolysis of CMC was estimated using the 3,5-dinitrosalicylic acid (DNS) method [29] . Reaction mixtures contained 0. 
Results and Discussion
Bacterial Isolation and Production of Extracellular Cellulase
Movila Miresii Salt Lake has a natural origin and is situated in the South-East of Romania. It is well known by locals for the therapeutic effects of sapropelic mud and salty water [30] . The salinity of Movila Miresii Lake is due to the relatively high content of chloride (80 g/L) and sodium ions (18 mg/mL). Based on these values, the lake was classified as a hypersaline ecosystem [31] . In addition, rela- cellulose, but indicates with certainty that the strain is able to produce endoglucanase. It is quite possible that in natural environments, the identified bacterial strain could establish synergistic relationships with other cellulolytic microorganisms for complete degradation of cellulose fibres, whose supramolecular structure is extremely compact.
In the plate (a), the cellulolytic bacterial strain was inoculated only in the well marked by the arrow; in the other two wells, other non-cellulolytic bacterial strains were tested. It is assumed that in this plate, the hydrolysis zone is less visible due to the low concentration of CMC in the growth medium.
In the plates (b) and (c), the cellulolytic bacterial strain was inoculated in all three wells.
Cultural, Morphological and Biochemical Characteristics of the Bacterial Strain
The cellulolytic bacterial strain forms round and relatively small colonies, which are characterized by mucous consistency, white-creamy colour and glossy sur- Table 1 ).
The detailed study of enzymes that are synthesized by extremophilic microorganisms is of great biotechnological interest as it can lead to the identification of molecules with new functional properties, like the stability under the harsh conditions (temperature, pH, salinity) of the industrial environments.
Regarding the membrane phospholipid profile, three stripes were highlighted on the TLC plate ( Figure 4 ). According to data reported in the literature [32] , the three identified retention factors (R f ) correspond to three categories of phospholipids (Table 2) : phosphatidylethanolamine (PE), phosphatidylglycerol (PG) and lyso-phosphatidylethanolamine (Lyso-PE). 
Molecular Identification of the Strain
Optimal Growth Conditions
Of the 6 tested thermal values (4˚C, 15˚C, 20˚C, 30˚C, 37˚C and 45˚C), the bacterial strain exhibits the highest growth rates at 15˚C. Significantly lower bacterial densities were identified for samples incubated at 30˚C, 37˚C and 45˚C.
Generally, the stationary phase of the growth curve is reached after about 96 h of incubation. On the other hand, no microbial growth was detected at 4˚C ( Figure   7 ).
Experimental results show that the bacterial strain grows in a relatively wide temperature range: from temperatures below 15˚C to temperatures above 45˚C.
This physiological particularity is explicable if it is considered that the temperature of the lake from which the strain was isolated undergoes seasonal changes, the bacterial strain being forced to adapt to the thermal environmental changes.
By growing the bacterial strain on MH solid media with varying NaCl con- The bacterial strain grows on the plates containing 0 M -2.5 M NaCl; there is no evidence of bacterial growth on the plates containing 3 M, 3.5 M, 4 M and 5 M NaCl.
The bacterial strain grows in the pH range 5 -8.5 and it grows optimally at pH 7.5, after 96 h of incubation ( Figure 10 ). Based on these results, the investigated bacterial strain belongs to the group of neutrophilic microorganisms. Table 3 provides a comparison between the morpho-physiological particularities of the strain B. zhangzhouensis T [33] and the strain isolated from Movila Miresii Salt Lake.
Endoglucanase Activity of the Bacterial Strain
Regarding the endoglucanase activity of the bacterial strain, the results of the experiment revealed that the intensity of the hydrolytic process is influenced both by variations in salinity of the culture medium and by changes in the thermal values. In addition, the time of cultivation of bacterial cells in the presence of substrate (CMC) is another parameter that influences enzymatic activity. Table 4 lists the most significant endoglucanase activity results, expressed as glucose concentration, under different physicochemical growth conditions (salinity, Figure 9 . Effects of NaCl concentration on growth of the selected bacterial strain on liquid medium. Table 4 presented only the samples in which endoglucanase activity was detected.
The most significant enzymatic activity was detected in the growth medium supplemented with 3 M NaCl, after 72 h of incubations at 15˚C. In this situation, the amount of glucose released from a volume of 0.5 mL of CMC substrate (2%, w/v) is equivalent to 2.05 mg.
Analysing the results, it can be deduced that a low sodium chloride concentra- 
Conclusions
The cellulolytic potential of the halophilic microbial strains isolated from the Movila Miresii Salt Lake is limited. Of the 25 isolates, only one strain demonstrated the ability to hydrolyse carboxymethyl cellulose from the culture medium, the size of the hydrolysis zone being reduced.
Based on molecular identification (16S rDNA sequencing) it has been shown that the cellulolytic isolate belongs to the Bacillus species and is most closely related to Bacillus zhangzhouensis (100% 16S rDNA gene sequence similarity).
Regarding the physiological particularities, the bacterial strain isolated from Movila Miresii Salt Lake is the first reported Bacillus zhangzhouensis strain that exhibits the ability to degrade cellulose and that demonstrates tolerance to high salt concentrations.
The bacterial strain grows optimally at 15˚C in the presence of 2 M NaCl concentration at pH 7.5. The ability of the strain to survive in the presence of high salt concentrations (3 M NaCl) suggests the existence of an enzymatic equipment that has the property of maintaining its catalytic activity even in harsh conditions of salinity in the industrial environment.
The strain has the ability to synthesize not only cellulases, but also caseinases and lipases. Being stable and active at high salt concentrations, these enzymes synthesised by salt-tolerant microorganisms could play an important role in different biotechnological applications. Consequently, it is necessary to study the 
